Background: Medically unexplained physical symptoms (MUPS) are highly prevalent and may affect work functioning. In this study we aimed to assess the longitudinal association between MUPS and work functioning over 2 years and the influence of job characteristics and depressive and anxiety disorders on this association. Methods: We assessed the longitudinal association between MUPS and work functioning, operationalized in terms of absenteeism and disability at work, in 1887 working participants from the Netherlands Study of Depression and Anxiety (NESDA). The NESDA study population included participants with a current depressive and/or anxiety disorder, participants with a lifetime risk and/or subthreshold symptoms and healthy controls. Absenteeism was assessed with the Health and Labour Questionnaire Short Form and disability with the World Health Organization Disability Assessment Schedule II. MUPS were measured with the Four Dimensional Symptom Questionnaire. Measurements were taken at baseline and at 2 years follow-up. We used mixed model analyses to correct for the dependency of observations within participants.
Background
Medically unexplained physical symptoms (MUPS) are often presented to both primary and secondary health care physicians and may have major impact on daily functioning [1, 2] . MUPS are physical symptoms not satisfactorily explained by a somatic underlying condition after an adequate medical examination and represent a broad spectrum of symptoms in varying degrees of severity [3, 4] .
It is known that MUPS interfere with work functioning, both in terms of absenteeism and disability [5] [6] [7] . Not being able to work or not performing at work optimally is not only a burden for patients and their direct environment, but also for the community due to increasing costs [8, 9] .
In the Netherlands, studies among workers have shown that high levels of somatic symptoms and distress are determinants for prolonged absenteeism and enduring disabilities [6, 10, 11] . It was also shown that the prevalence of severe MUPS was higher in the long-term absent employees compared to the non-sick working population [7] . These findings are supported by international studies [12, 13] and the relevance of the problem is reinforced by a 10-year follow-up study by Rask et al., who concluded that not only severe MUPS have significant impact on work functioning, but also mild and recent onset MUPS [5] . Despite the relevance of absenteeism and disability from work caused by MUPS, limited research has been performed to assess potential influencing factors on the relationship between MUPS and work functioning and their association over time [14] .
It is known that unfavourable job characteristics, such as long working hours and low occupational status, can influence someone's functioning negatively. Lower graded jobs are associated with more absenteeism and disability, compared to higher graded jobs [15] . The same applies to high demands, whether or not in combination with low support by colleagues, low task control [16] [17] [18] and long working hours [19] . The question arises to what extent this also applies to MUPS. Furthermore, as we know that MUPS are often accompanied by depressive and anxiety disorders, it is important to understand the influence of comorbidity of depressive and/or anxiety disorders on work functioning over time in patients considered having MUPS [20] .
Deeper insight into the association between MUPS and work functioning and influencing factors such as job characteristics and comorbid psychiatric disorders can assist physicians in the early identification of patients at risk and it may provide opportunities to develop adequate management and prevention strategies. Therefore, in this longitudinal study we first assessed the association between MUPS and work functioning, both absenteeism and disability at work, over 2 years. Second, we investigated the influence of job characteristics and depressive and/or anxiety disorders as potential confounders in this association.
Methods

Design and study population
The present longitudinal analysis is part of the Netherlands Study of Depression and Anxiety (NESDA). The NESDA is a multisite naturalistic cohort study, which aims to describe the long-term course and consequences of depressive and anxiety disorders and to examine its predictors. A detailed description of the design and sampling is provided elsewhere [21] . In summary, 2981 participants between 18 and 65 years were included. The NESDA study population consisted of participants with current depressive and/or anxiety disorders, participants with a lifetime risk or subthreshold symptoms and healthy controls. Recruitment of participants took place in primary care practices (n = 1610), outpatient mental health care institutions (n = 807) and in the general population (n = 564). Exclusion criteria were not being fluent in the Dutch language or having a primary diagnosis of a psychotic, obsessive, bipolar or severe substance abuse disorder. Baseline data (T0) were collected between 2004 and 2007. The research protocol was approved by the ethical committees of participating universities and performed in accordance with the ethical standards of the Declaration of Helsinki. All participants provided written informed consent.
For the present study, we selected working participants (n = 1887), i.e. participants who had a paid job for more than 8 h a week at baseline (T0). Of them, 1665 (88.2 %) completed the questionnaires regarding work functioning and MUPS and were therefore included in this study (591 male, 1074 female). After 2 years (T1), 1455 (87.4 %) participants had a follow up assessment.
Work functioning
We conceptualized work functioning in terms of disability at work and absenteeism from work.
Disability at work was assessed with the validated World Health Organization Disability Assessment Schedule II (WODAS-II) [22] . This is a 36-item instrument, assessing functioning and disability and focusing on six subscales regarding several domains in life. We focused on the domain of work activities which includes four items: 1) difficulty in day-to-day work, 2) difficulty in doing most important work tasks well, 3) difficulty in getting all work done and 4) difficulty in getting work done as quickly as needed. Respondents rated difficulty on a 5-point scale, ranging from 1 (none) to 5 (extreme, cannot do). Therefore the summated work domain scale has a range from 4 to 20 with higher scores representing a higher level of disability.
Absenteeism from work was assessed with the validated Health and Labour Questionnaire Short Form [23] and was computed by dividing the number of absent days from work during the past 6 months because of health problems by the number of actual work days per week. As this variable does not meet normality assumptions, we categorized it into three categories: no absenteeism, shortterm absenteeism (<2 weeks) and long-term absenteeism (2 weeks or longer), cf. Plaisier et al. [24] . The latter two categories made a distinction possible between short-term absenteeism, probably due to self-limiting conditions such as common colds, and long-term absenteeism, which could indicate more chronic conditions.
Medically unexplained physical symptoms MUPS were measured with the somatization scale of the validated Four Dimensional Symptoms Questionnaire (4DSQ), a self-report questionnaire developed to measure distress, depression, anxiety and somatization as separate dimensions in primary care (25) . The somatization scale comprises 16 items, all physical symptoms. The response categories on a 5-point Likert scale are worded as follows: "no", "sometimes", "regularly", "often" and "very often or constantly". In order to arrive at scale scores, the responses are scored as 0 for "no", 1 for "sometimes" and 2 for "regularly", "often" and "very often or constantly" and the item scores were summated into a scale score, as done by Terluin et al. with a range of 0-32 [25] , indicating that MUPS is considered to be a summation of physical symptoms. Additionally, in order to facilitate clinical use and to overcome the fact that there is no linear relationship between MUPS and work functioning, we repeated the analyses with a dichotomized scale using 11 points as a clinical cut-off score, since a score of 11 or higher is considered to indicate MUPS [25] .
Job characteristics
Job characteristics were conceptualized as working hours, occupational status and psychosocial working conditions. The occupational status variable was created using the occupational categories provided by Statistics Netherlands and additional self-reported information on employment status. The original eleven categories of Statistics Netherlands were recoded into five categories: 1) high graded non-manual workers, 2) medium or low skilled non-manual workers, 3) self-employed, 4) high skilled manual workers and 5) medium or low skilled manual workers, as was done by Plaisier et al. [26] . Psychosocial working conditions consist of job demands, job control and job support and were measured with a questionnaire consisting of dichotomous items, based on the demands/control model [27] . Data on job characteristics were only gathered at baseline (T0). Unfortunately for 30 % of the participants no information regarding job characteristics could be obtained.
Depressive and/or anxiety disorders
The presence of depressive disorders, including major depressive disorder and dysthymia as well as anxiety disorders, including generalized anxiety disorder, panic disorder with or without agoraphobia, social phobia and/or agoraphobia without panic disorder, were diagnosed with the validated Composite Interview Diagnostic Instrument (CIDI version 2.1). We only took into account diagnoses established during the past 6 months. Trained research staff interviewed all participants.
Socio-demographic covariates and chronic diseases
Based on previous research on the association between MUPS and work functioning, the following covariates were considered as possible confounders: gender, age, level of education, marital status and the number of chronic diseases [5, 28] . We divided the level of education into three groups (basic, intermediate, high), derived from the standard classification of education from Statistics Netherlands [29] . Marital status was divided into two categories: participants married or living with a partner and participants not married or living without a partner. Participants were asked if they suffered from chronic diseases from each of the following categories: respiratory, cardiometabolic, musculoskeletal, digestive, neurological, endocrine and cancer. Diseases were only included if participants were currently treated with medicines or under specialist care. The number of diseases were summated into a scale score. Data on the covariates were only gathered at baseline (T0).
Analysis
Descriptive statistics are presented as mean with standard deviation for normally distributed continuous data, median and inter-quartile range for skewed continuous variables and as numbers and percentages for dichotomous and categorical variables.
To assess the association between MUPS and work functioning over 2 years (T0, T1), we used linear mixed model analyses for disability and multinomial logistic mixed model analyses for absenteeism. After crude analyses, we performed adjusted analyses where covariates (sociodemographic variables and the number of chronic diseases) were included in the model. Next, we examined the confounding role of depressive and/or anxiety disorders and job characteristics on the adjusted association between MUPS and work functioning, first separately and then combined.
Effects were expressed as regression coefficients (for disability) and odds ratios (ORs) (for absenteeism) with 95 % confidence intervals (CI), representing the longitudinal association between MUPS and work functioning on average over time, reflecting both the within and between subject relationship [30] . For absenteeism, 'no absenteeism' was used as the reference category.
As depressive and anxiety disorders were overrepresented in the NESDA cohort, we added interaction terms to the analysis to assess if depressive and/or anxiety disorders modify the association between MUPS and work functioning. We used all observations in our analyses. As we used a longitudinal design, missing data did not have to be imputed [30] .
The statistical analyses were performed in MLwiN (version 2.31) and Stata (version 13). Table 1 shows the demographic and clinical characteristics of the study sample. At baseline, the mean age was 40 years and 65 % were women. The median score for MUPS was 8 at baseline and 6 at 2 years follow up (p < 0.001). When using the clinical cut-off point of 37 % had MUPS at T0 and 22 % had MUPS at T1.
Results
The longitudinal association between MUPS and disability at work
We found a strong positive association between MUPS and disability at work on average over time ( Table 2 ). The estimated crude regression coefficient of 0.295 for MUPS, measured with the continuous 4DSQ somatization scale, in relation to disability at work can be interpreted as follows: for every unit increase/difference in the 4DSQ, there is a 0.295 increase/difference in the severity of disability. Depressive disorders had the greatest influence on the association between MUPS and disability as the regression coefficient became smaller, followed by anxiety disorders. However, the association between MUPS and disability remained statistically significant. Job characteristics did not affect the association. For the dichotomous 4DSQ comparable results were found.
When we examined whether the association between MUPS and disability was modified by depressive and/or anxiety disorders, we found a strong significant negative interaction for depressive disorders (p < 0.001) and a borderline significant negative interaction for anxiety disorders (p = 0.054), indicating that the association between MUPS and disability was weaker for participants with a depressive and/or anxiety disorder. For the dichotomous 4DSQ comparable results were found.
The longitudinal association between MUPS and absenteeism from work
We found a strong positive association between MUPS and short-term absenteeism and an even stronger effect for long-term absenteeism, on average over time, both compared to the reference category 'no absenteeism' (Table 3) . Depressive disorders had the strongest influence on the association between MUPS (with use of the continuous 4DSQ) and short-term absenteeism (37 % decrease in regression coefficient), followed by job characteristics (mainly caused by job support and job control; 33 and 37 % decrease in regression coefficient) and anxiety disorders (20 % decrease in regression coefficient). Depressive disorders also had the strongest influence on the association between MUPS and longterm absenteeism (40 % decrease in regression coefficient), followed by anxiety disorders (20 % decrease in regression coefficient). Job characteristics did not affect the association. Despite adjusting for these confounders, the association between MUPS and absenteeism remained significant. For the dichotomous 4DSQ comparable results were found.
When we examined whether the association between MUPS and absenteeism was modified by depressive and/or anxiety disorders, we only found a negative interaction for anxiety disorders and long-term absenteeism (p = 0.022), indicating that the association between MUPS and longterm absenteeism was weaker for participants with an anxiety disorder. We found no significant interaction for depressive disorders. For the dichotomous 4DSQ comparable results were found.
Discussion
Summary of results
With this study we aimed to assess the association between MUPS and work functioning over 2 years and the influence of job characteristics and depressive and anxiety disorders on this association. We showed that MUPS was positively associated with disability and absenteeism from work over 2 years, with a stronger effect for long-term absenteeism than for short-term absenteeism. Depressive and anxiety disorders weakened the association between MUPS and work functioning, but the association remained significant. Job characteristics only weakened the association between MUPS and shortterm absenteeism, but again the association remained significant.
Comparison with existing literature
Little research has been performed on MUPS and work functioning. Even though our study is not directly comparable with previously conducted research because of use of different designs and populations among other things, our study results are in line with other studies. In a prospective study, Roelen et al. showed that various MUPS were associated with absenteeism and concluded that the more symptoms at baseline, the higher the risk of absenteeism a year later [10] . In two crosssectional studies, Hoedeman et al. concluded that 15 % of employees on sickness leave suffered from severe MUPS and that severe MUPS was associated with four to six times more comorbid depressive and anxiety disorders. The authors used a cut-off score of 15 on the PHQ-15 for the categorisation of severe MUPS.
Furthermore, they concluded that employees with severe MUPS had a longer duration of absenteeism [6, 7] . In a 5-year follow-up study, Loengaard et al. found that MUPS patients had an increased risk of long-term absenteeism compared to healthy participants [31] . Rask et al. performed a 10-year follow-up study and found that recent onset MUPS and somatoform disorders have significant negative long-term impact on patient work functioning [5] . They also concluded that although depressive and anxiety disorders influence the association between MUPS and work functioning, both psychiatric disorders did not fully explain the effect, which corresponds with our findings.
We are not aware of earlier studies that examined the influence of specific job characteristics in patients with MUPS. However, there are some studies that describe the association of job characteristics with work functioning and mental health problems in the general working population. We found that job support and job control weakened the association between MUPS and shortterm absenteeism, which is in line with North et al. and Melchior et al. [16, 18] . Christensen et al. found that absenteeism rates were higher for lower graded jobs compared to higher graded jobs, while Sparks et al. found that the number of working hours might be important for work functioning [19] . We did not find the same results for MUPS.
Strengths and limitations
We believe our study has several methodological strengths, in particular the large sample of participants, recruited from primary care and secondary mental health care, and the longitudinal design. Also, all analyses were adjusted for the number of chronic diseases. Finally, for the assessment of depressive and anxiety disorders, structured interviews were used.
Our findings should be interpreted in the light of several limitations. First, as for all questionnaires assessing MUPS, the 4DSQ lacks clinical judgement. However, the 4DSQ highly correlates with the Patient Health Questionnaire-15 and the Symptom Checklist-90, other questionnaires widely used to measure MUPS. In our study we defined MUPS based on the score of the 4DSQ and MUPS is defined as a summation of physical symptoms which often remain unexplained after appropriate examination. It should be kept in mind that the definition of MUPS is controversial, i.e. whether it represents a specific disorder or whether it is a way of presenting different types of emotional distress. Second, time windows differed between the concepts: disability was measured over the past month and absenteeism over the past 6 months, while MUPS was measured over the past week. However, we do not believe that the results were much affected by this incongruence.
In an additional analysis we found a correlation coefficient of 0.72 between MUPS at T0 and T1, indicating a quite stable pattern of MUPS over 2 years. Also the additional time lag analysis, relating MUPS at T0 to disability and absenteeism at T1, revealed more or less the same results (data not shown). Third, because job characteristics had 30 % missing values, we repeated the crude analyses in a reduced dataset with only complete cases. The results showed that job characteristics still had a weakening influence on the association MUPS and short-term absenteeism, but that this influence was weaker. Fourth, we have no information on the actual reasons for disability and absenteeism. Fifth, participants with depressive and/or anxiety disorders were oversampled in our study population. It is often assumed that the observed strong association between MUPS and work functioning is because of this oversampling. With the interaction analyses however, we showed that it is actually the other way around: that within participants without these disorders the association between MUPS and work functioning was stronger than in participants with these disorders. Therefore we wanted to emphasize that the observed associations may also hold for the general population. It should be noted that the negative interaction between MUPS and depressive/ anxiety disorders is probably due to the strong association between depressive/anxiety disorders and disability.
Finally, the population at follow-up is slightly healthier than the original population. Although it is possible that those who did not complete follow-up measurements were more severely disturbed, we do not think that this highly influences the results of our study. However, if there is an influence, the magnitude of the observed association between MUPS and work functioning might be an underestimation of the real association due to this phenomena.
Implication for clinical practice and future research
Disability and absenteeism may lead to a decreased quality of life for patients and high direct and indirect costs [8, 9, 32] . As we found that MUPS have an independent negative association with work functioning, attention should be paid to preventive measures in the work place, early identification of MUPS and adequate treatment. However, as depressive and anxiety disorders weakened the association between MUPS and work functioning, physicians should be aware of signs and symptoms of depressive or anxiety disorders.
As said, little is known about work environment and only a small number of studies assessed phenomena associated with disability and absenteeism among workers with MUPS [14] . With our analyses, we have shown that job support and job control influence the association between MUPS and mainly short-term absenteeism. More insight is needed about favourable job characteristics to develop interventions for prevention and treatment and return to work programs.
Conclusions
Our results show that MUPS were positively associated with disability and absenteeism over 2 years, even after adjusting for depressive and anxiety disorders and job characteristics. This suggests that early identification of MUPS and adequate management is important.
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